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— (54) Title: METHOD OF DETECTING AND SEPARATING UNDIFFERENTIATED LIVER CELLSS USING DLK 
< 

(57) Abstract: It is found out that a membrane protein dlk (delta-like) is expressed specifically on embryonic liver cell surface. 

Using an antibody against the dlk protein, undifferentiated embryonic liver cells containing liver stem cells are successfully purified 
^ at a high purity from fetal mouse liver. The embryonic liver cells thus obtained contain liver stem cells capable of undergoing binary 
^ differentiation into liver cells and biliary cells. A marker molecule for liver cells, a method of separating undifferentiated liver cells 
^ using this marker molecule, and undifferentiated liver cells separated by this method are also provided. By using the above method, 
^ liver stem cells can be conveniently purified at a high concentration. The undifferentiated liver cells obtained thereby are usable in 

regeneration therapy and artificial liver. Moreover, these cells are usable in analyzing interactions among cells and assay systems 
^ and screening systems for drugs controlling drug metabolism or liver cell differentiation and antiviral agents. 



WO 02/103033 Al I Hill IBIIEII II IIIII) lllll III! I II III Hill (Uil Hill Hill tin IIIIID fill llll Dll 



(57) gJQ: 
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7V*=T©»«ltJ:5««l»«P*^©fi3|**3lttjBi-r. 3 fete, M^L« 
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^3ftlftL«ltBK:oV^O*Pjl*«#U*C#fc (Kamiya, A. et al. (1999) EMBO J. 
18:2127-2136; Kinoshita. T. et al. (1999) Proc. Natl. Acad. Sci. USA 96:7 
265-7270) 0 L^U $ ^-XA&ftSfc&fclfa, ilS^^IL^ 

5HbMfl& (ff»R flT#M) «£LT*5<9, iSjsp®5~6i|©ilK 
ffit^;lg©ISS*ffi«K:lxTi©iiffllB*«^B1-5^*sa#$n■rv^S (Suzuki, A 
. et al. (2000) Hepatology 32:1230-1239) „ ^^.tpC^lrtorllJa^ 

w&mmztA;i?mfe£ftT^ft^itit>, ^momMc^^x^^ti^x^t/u 

Jfl^&iltr^ofc, jfcfrJFfKfcias^-CJ*, oval cellfclWfftStMM&Nfc® 
ttf^^t»©#4ii 3 iS (Golding, M. et al. (1995) Hepatology 22(4 Pt 
1) =1243-1253) ZfoX^ZtK *©*l^fefi?6&$;h/TVV«i;V\, —1o s fflUg® 

£^-t*£:$^£tvrv^ (Tateno, C. et al. (2000) Hepatology 31:65-74) „ 
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gg|g>lBZE 

3;f\ Jfc£l4.5 0 (E14.5) ^ ^^TO^jk^jNBia^cDNASr^^^ h 7 y ^ 

M-CSFft if <Z>1M h^-f ^ ^y#-7xB^t#4W 
Mr 7°* t^n^^fWi £ j&JSfl-r M**g&«£^o fc£E*o O^i 

a -f etoprotein^ 5 ^ fcE»^3ft£>3B^i&^Hi £ *lfc 0 
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iliaiia^#^t^mLTV^t#x.btbfco 3 fete, dlkKi!HM&®ft£KF5&l& 
•rattfrfciNlllS^W^^AAutoMACS (S!»^«ftMft) ^fflV^^tT- 

5 c t z *imfc-rz> 0 

t SrHIE Lfc 0 $ fe fc if p -= > nz. J; o T# b tifc^^kMll&^ffi^ildlk 
5 d £ -e3§§E«£ID£ U dlk^*5MUff»Jai**fi<JK:*m-t-* - 1 ^BfcH Lfc 
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dlktts k h©II&£miT 1 b3§mb--0^ (Floridon, C. et al. (2000) Diffe 
rentiation 66:49-59) (DX\ dlk&tiiitc&WM<0®LI&£lBfe\$K MdfcVT 

fcm-*smx*hz> a ttc mz-txi&s&mm (es«) , # ft cord biood 

(3) dlk»^©«fl©ttffl*fcttdlk3t^**ai'*»Ja©^^^ tfudlkja 
#«rfflV>Tfft>tt5, (1) *fctt (2) l!l|B«M>#BU 

(4) Jlc^MbffFlBfiSr^ftta^ft-TfifeoT, 

(a ) *^I^JfiSr^tr:: t#W*ix5»fi«W-«rP*"*-*lS, 

( b ) ttJ»l&IWfc0tdll*fc**»5!ip-t5ia % 
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(5) Xg (c) (Cjo^T-^^-rw yttfry—*^ (MACS) £/8v^ (4 
) l£fEiffi<£>2f&, 

(6) ^bSRIIJfi^l&4lf«tt-C*)5, (1) fl>6> (5) ©^-fti/NcfBi^ 

(7) (2) Sfcfi (4) fcE*^#fefcJ:!>£l*£ft;fc*»Ik 

(8) (2) Sfcte (4) t»il©*ft»!:J:5^K**ifc»ja©^ba3J:t//* 

(9) ftdlkftfle$r£if, *^kiffi»J6o*a*fctt^«K*, 

(1 0) *^bJfFIIJjaia^tl!m^W^?r^tilt5*iS-C*fcot, 

( b ) &*$4mmifa&$ttmmz.m sdik*^©*a*i*art-3is, 

**5* rdlkg^Rj delta-like (dlk) fi&fftS i^Oli^Ifil^f 

5o S^#»i?l?fc:ia^Tdlk»6rJ-iW\ Kge«* = -Ki-5S»Sr*5. dlk 
preadipocyte factor 1 (pref-lK zona glomerulosa-specific factor (ZOG 
h *ytti fetal antigen 1 (FAl) ^khW£tl2> (Smas, C. M. and Sul, H. S 
. (1993) Cell 73:725-34; Laborda, J. et al. (1993) J. Biol. Chem. 268:381 
7-3820; Jensen, C. H. et al. (1994) Eur. J. Biochem. 225:83-92) 0 dlk® 6 

(Jensen, C. H. et al. (1994) Eur. J. Biochem. 225:83-92; Takemori, H. (2 
001) Eur. J. Biochem. 268:205-217; Fahrenkrug, S. C. (1999) Biochem. Biop 
hys. Res. Commun. 264 = 662-667) „ :*3S03te*Jtt<5 Tdlk^SKj tt* Wfc-t© 
***»»U*V^IS9 % mSM*)&£0dlk3&jr (dlkiflRfc* 
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tr) T?*>3„ dlktt#*L<t4HllH6«J**©ae«-e*>S. 

#ijx.tffc hdlkjt^<D^a@B^IJ(4, accession** U15979 *3£l>* NM.003836 
^i£^£tVCV^ 0 7? Mlkjtft^tttfflEyiJtt* accession** AB046763 & 
itf D84336 ^{d*$tVO^ 0 ^Odlkjt^O^SgB^Jtt, accession** 
AB009278 Rl^tbTV^o Sfc* ^ ^dlldt^O^ V J'lfcJllf/n*— 
W&^WS ADNAMB^lJ^, accession** AB050725 fc^ftTV^o 

^v^if<Ddlkit^<Dg&M^-KWiJ^tfW, (b) KSE?iJ 

fcftfWP bfcT ^ / a - K-r sm, ( c ) gi&s^- hwjo&g 

@S?lJ£60%^±, $f*L<tt70%EJLt, i •3»^b<«75%^±, <fc>9£?*L< 
tt80%^±, «t 5 t < tt85%»JbO|HIH4S:^rt-51fiSE^JSr^tP«K^ ( 

d ) iififa- kiot* = - ki-s s e sr© r 5 y miB?<J 1 6o%ull, jef* t 

<fi70%RJb, i0»*t<»475%^±, £9&£L<l*80%£Lb, £«9&£L 
<td^%K±OWH4«r*tST5/l«EWSr3-Ki-5ttKs *fctt (e) ft 

m&v:=>- mmoVMttx b y v b ^ y ?4 xi-s«-e 

feotJ;i/\ (b) ~ (e) \z^M(ommu%, t K 7<> K 
©dlkit&^<z>#SL ^5>f^/<!)7^h, fcitmco^^fc^t^-ttib 
©**p^*if35S^4JxS 0 (b) Kfe^T, M£ft375/«te, »*ri5 
Uft, #*L<ttll&l^ J:t)»*L<>±9£trt, ±0#*L<tt70lrt v J:0fl : 

3.v, f-P^, ^r^y) , (^jx.«77=^ % ^y^, p 
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%&mT%;m (Wttffoi/y, y*~jVT7~y, hvyvyyy, tx?- 

ttT ^/KK^JrolPJ-tttix fljtffBLAST^n^yA (Altschul, S. F. et al. , 
1990, J. Hoi. Biol. 215: 403-410) &EV*TftftT5 5. UrttftlC 
ttx ^SIB^lJ^IH-tt^^-f SfCtiblastn'T'n ^7 A, 75/ S?gE?lj©[S]H4 
£fc5fc^5fcfiblastp:/n^9A$:fflV\ #IJxJ;fNCBI (National Center for Bio 
thchnology Information) ©BLAST© v^C&V^TLow complexity Sr^tf 

•7^/V^-tt^-COFFtCLt, f f 7^h©^7^—^SrfflV>Ttl^&tT5 (Alts 
chul, S.F. et al. (1993) Nature Genet. 3:266-272; Madden, T. L. et al. (19 
96) Meth. Enzymol. 266:131-141; Altschul, S.F. et al. (1997) Nucleic Acid 
s Res. 25:3389-3402; Zhang, J. & Madden, T. L. (1997) Genome Res. 7:649-65 
6) o #!Jx.l±*2o©|a^J©it;K^rtT5blast2sequences7 0 ni/7A (Tatiana A et 
al. (1999) FBMS Microbiol Lett. 174 = 247-250) s 2 ETA ©7 7^ /■ > b 

©gnftfc/w 7* y *v x-r-s^^^ffi-ts n t tct 5 n^-r 5 c t 5„ #i 

t k £fcte7i/&£'©dlk»te^-©gefC=<- KIBM*©^© 

itSfe-rSSP^iB^J (flljtWSO, 80, 100, 120, 150, 200^) %.1tl$±&. 

ti*bt£Z>mW. (DNA*fcttRNA) t * Y V S S*S* is h 7* JJ ^ XfS 

W^tf 1 b©T*feor c t<, fcSVMifc k 77 k *fcJ4!>5/JiCif©dlkatfi 

i~Z>mm (0Jx.fi5O, 80, 100, 120, 150, 200l£g) £r&tet>©T?feoT 

«tv\ 7 r y ys?*^ h^M^y ^-tf—ys y©&#«, ^Rtf^Rtf 5 
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XSSC, 7%(W/V) SDS, 100Mg/ml ^ftl^fS-T-DNA, 5Xf^vl/ h$&"£trigSK 

«f % 48°c, #f £ l < fisot:, i d l < ttratrrw ^ y ^ •tf-f a ^£*T 

<D&£L<#65°C, &t>$r$L< f*68*C-e2 XSSCK L< f±lXSSC«K «fc «J 

$j£L<f±o.5xssc«t\ t< fto.ixsscf'-e, &ii$mife& 

rfffiNWaj (hepatic parenchymal cell) J ~fc~m0 o MM 

hepatocyte MM)->f h) ttMftSo Jff*Wfitt, JTJIilC&^TJjf Ahll 

5Mfcte> ^P^y7$-/ h7^7i7-f (tyrosine amino transferase; TAT 
) „ ^l/3"^6!)V®*X77^-f (glucose-6-phosphatase; G6Pase) % * 
yW^-=e^f/VdN^7 3i— Y*/'y#'—' & (carbamoylphosphate synthetase; CPS) ft 

>^h7 7 m i/pi—n (to) *s j: t*/* tt-t yyftK?^ 
(sdh) ^©Mffiiaw^^-ifef^^i^ 9«^t5: t^-e# 

-So AftftH-teU TAT, G6Pase, ttcit CPS tf>vvf*ia\ ::;ftk£-C<D3§m« 
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X TO *fcfi SDH Wftit>\ *>5V^ttP0*O»Wfl**^TV>5ilBJ&H: % j& 

WMt^^tiSo rjff^jffljfij (hepatic stem cell) bft> IfffM&fcitf 
(hepatoblast) ttSOc rjfc£J]f» fctt, MM*fcttJi^©MR 

Mfl«J^Bti _ 5-fc*S'C*#5o *»Wfc*V^-Cdlk3tfir?-<03BgW4, dlk mRNAM 
^*5itJ«/*feW:dlkSefr©^'CS>oTJ;V\ i"/j;t)*> % dlk mRMfcfidlkM 

dlk mRNA(D^ai{i> dlk cDNAfHrtf^fcte;*- i> K&JB^fcy — D*>vn 
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-tfiWWOS (RT-PCR) m<D^<D%&lz£9&n-tZZ.bifi 1 S!ft'(*i>Zo dlklS 

n<D&m\$, ftdim&m*m^izt*x?^7vyT-jyy, elisa 

> #&&lBgMk&s FACS (fluorescence activated cell sorting; ^StkfbjfoflJS 

a^it^ABfrSctefc^Ttt* dlk«eSt**W1-5iiK:J: Odlk3te^©38 
SSrftHit5ri:ii s »iU\ Blsefrdlkt±JNaj|&*®t5l3SL % *#^MJ]&<D 
tB^t «*®(c^mi-5dlk^fiK^m^«{c^Blfg^^^ 

i4<, *««WfcdikgeK©*3asrtftw-t-s-t* J «ri6-tf*>'5. c©*g\ fa 

CS ^ MACS (magnetic cell sorting; &$UffflJS#ltt) ^"fe^y— * — Sr^S 

%^btiz 0 $mm<Dmmz, imt>tm<, *mmntz> c 1 &-*smx& 

v ^x its 5~30j1^^ tcte%ti$XM<offi!%<DiffMfcft a 1" 5 o 

5^1, ^n-t 7*-f X^-HZ^temmfeWl [flfljttf Liver Digest M 
edium (GIBC0-BRL*±) ] T*&SUfflJ& 5 0 CO «fc 5 LTW LfclB 
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v^^£JEV^T, DMEMigJ& (10% FCS, IX ITS, 50Mg/ml gentamycin, 10" 7 M dex 
amethazone [Dex], lXnon essential amino acids £r^Ttf) ^Tiglt&fT 5o §fc 
jkMia^M^rgfeV^Lfc^fC, 1M b^-Y^g (20 ng/ml OSM, 2 
0 ng/ml HGF N 20 ng/ml EGF % h^^^M^U.^^W) b 

TfcHFB^#-T5o «^*5V^ dlk^tt««HGF(7)#ftTT^V^ii^?: 
jj*U #^HGFtEGF©*#T-Cm*T^A<li5il1-5i<t^JP^Lfc 0 lot 
, HGFiEGFO*ffTT'Jt#1-5ii:«M-efc5 0 ^MffllSf^VMi^^* 

^j/3^-^Ht« (DMEM) Srffll\ (4#fc, y 

mmtmzmm-ehZo w w t mmm t 2 # 

itm* , m^tmmm\^m Lit «t 5 warn-*- 5 r <t * o xstirr * r. t ^x 
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ESilM&S*©ilW&«rJBVvc dlklH4ai||&S:#«H-5ri:tprt6-e*So ESttlfi 

mmowmmm^mm sax***. 

£;ftTV^¥iJ8ir£ti5 0 tot, dlkfcfc^£^mi-£$8S£iift1-5lS£«): 
9, ^M^tSiiWH, fljlttf* (a) ttSdikitfc 
^F©3B5lSr*ffli-5Xifi, fcitf (b) dlkitfc^£»mi-3»IISfc#8^Sxm 

, te£<omMmmm*#Mi-5zt&X'%?> 0 fcav>ttw»js*r#iiLT*i 
la^ii^-rs r i ic ± 9 *#tejfF»£#$£ • aft-*- a - £ #-e# s 0 
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( c ) $mm-^^tcmm^m-r^T.u 

5 0 ZthtbtDftMjjfeb LTtt, «*H3frC>#*, *ft43ESK.\ 
MT#btifc«{C»45fcj:«TER119^#:?rKJ*^-a:fc±-t\ ltt--X 

Xg (c) ft, FACS^MACS^ifO-fe/Wy — ^-^ffiV^-C : fT5-<!:^^^b^^ 0 

mz, mum* (^a**-> £M/&£-frSo aias:PBs-eft^, 

#5o #btbfcdlk^tt®^Wt>^^7A|Cii-f-iia^^ai1-rtT\ 95% 
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tL< «^95%^±(C»1-5 ^ t Z)5-C*§ So 

-fbJffiHBfl&SrJWfJtt-rs - i t^fili -©J: 5 ftSSffiffiJOSi: LTtt, ^J±tfCD2 
9 S CD49f, cMet ^^J^1~S Cfc #T?# So 

■f S r <t So Jhi**** • #ftB^ft 5 - i #T*# So * 

Jft£Urf±, «?ttf, *&10%*'>J&fFJiL» (FCS) *tzteZ.tltm$t<DffiMZ$ts- 

Dmtftt*&mfbti5ftz.ti\zm , fe&htei<\ mm\at, mm^nm^ (hgf) 

, ±&$*B^- (EGF) , ^n^^fyM (OSM) N T^lM^/V (Dex) x *5 

GF&£tfEGFcD##T-c\ tt<mmm& - i So #3§BJ 

*5Wb*fttl&& i e=*-- TS^i^Wt^-efeSo £*i&afc «*tf»**3IBM 
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(c) ^^ww^teT^^fj-^^tit^ytdikjt^^Bm©^^, * 

Tct<, fflz_t£ in vitro "CiMlff, ig^ frigid 37°C, 5%C0 2 , M^TtM 
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5 (Jensen, C. H. et al. (1994) Eur. J. Biochem. 225:83-92; Takemori, H. 
(2001) Eur. J. Biochem. 268:205-217; Fahrenkrug, S. C. (1999) Biochem. Bi 
ophys. Res. Commun. 264:662-667) 0 gtfrfi, ^©Ml^otffltS - 1 

&-*smx*hz> 0 *:;?ti—rjvfcwx»hfo\z. yvh&jm&mm (f 00 

t-Pad Immunization) & if K £. 5 ffitS £ t 6 (Hockfield, S. et al. 

(1993) "Selected Methods for Antibody and Nucleic Acid Probes", Volume 1 
(New York: Cold Spring Harbor Laboratory Press)) „ 

w ti}f^m^tcw.m^w^}f(D%m^m^w^%^m^r^^ t hx% z> 

o 

mm<DmmmmzztcteftMmnMti-z>ztftxz?> 0 *tz^<Dfcm*, * 

tfij^t-5r.i^pj|i-efc5 o ^x. f i\ dik^MiS^^^^^^ti^^P 
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Sl^ftftfclS^Satfirf-SrftRffi-iXtfiV^ (Derman, E. et al. (1981) Cell 
23, 731-739; Panduro, A. et al. (1987) Genes Dev. 1, 1172-1182) D 7^7 
7 7xh/PT^y (AFP) ttWgPglufc5 WO-7-*-T'fe ?) , MM 
ft^JitPfcttoT, %<r>ft&miML'>-$-Z> (Shiojiri, N. et al. (1991) Cancer 
Res. 51,2611-2620) „ mW&?£&jSt.*ft>. t^tt©#^ieft* 

fcsr/v^5^oismtt^ #j»i£JfF» (^Jx.«^!>^ei2) -e*6*o, z&ftffF 

^Bfl&t?*^: W^K:SM~$ (Tilghman, S. M. et al. (1982) Proc. Natl. Acad. 

Sci. U S A 79, 5254-5257) „ «»^m#i<Z>g»£-5 t , JjfMtt^> 
n — y^77^- if (glucose-6-phosphatase; G6Pase) ^fo^7 
5 7 h7^7i7-^ (tyrosine amino transferase; TAT) # < ©ftflt 
»*3r^L*&», fffSi^^a^#J©^t;^^1-^ (Greengard, 0., "The d 
evelopmental formation of enzymes in rat liver" (y -y hffFIlMC&l'tSlNF^tD 
%£M$L) (1970) In Litwack, G. (ed. ), "Biochemical Actions of Hormones" 
{HfiA^W&ft&foftJS), Academic Press Inc., New York, USA, pp. 53-87; 
Haber, B. A. et al. (1995) J. Clin. Invest. 95, 832-841) „ JtLTJMMtlfc 
ffl^bftHftK:, -ty yft K7*~ ^ (SDH) t h5^h77Vt*^t- 
if (TO) ^Jjf&lWKl^g^ftS (Nagao, M. et al. (1986) Biochim. Biophys. 

Acta 867, 179-186; Noda, C. , et al. (1990) Biochem. Biophys. Res. Commun 
. 168, 335-342; Noda, C. et al. (1994) Biochim. Biophys. Acta 1217, 163-1 

73) „ *©«u Mommn^^y^-M, T-^e^r^wmm^K 

t&mtotB&KBt 46«*l**fc-t«* t£$4y°<n*f- Y V P-AP450 (cytochr 
ome P450s; CYPs) ©f6^S:^»5. 
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mxhz> 0 

mm, %±mn<Dffimx<Ddik<DWjL*7Fir%--Mxhz> 0 . 

H! 3 ft, J&412 0H1'8B ro^MISW^dlk^^ t WTjW 5 y#C#K J; 

m 5 \t s dikmrnmor^'^ y<D^^i-^nxh^o 

m 6 it, mm&£i$mMm^(o^-*-&te*<»^*^^Mx-bz> 0 
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1 ] Jfc£JFF mufiWftte^-* -#*©«* 

ojima, T. and Kitamura, T. (1999) Nat. Biotechnol. 17:487-490) 4rfflVvC % 

J&^B©ttte©*iBttlK*tt* Lfc 0 . te£i4. 5 0 -7 ?*J]TB©#jfc««l¥©c 
/<*ftfcOT»t&fc§B^S *J"<*Jt* M-CSFft£f©-|M h^7^y s Jy?-7 

###5 tfc„ Sfefc Pref-i/dik ©E^asgtftW&ih,, J&£JFflirc* 

St^LTV^S a-fetoprotein^albumintCEC»-r-5*©^m^M^ tbfco dl 

[«#J2] dlk©$gm^**-^©«?#r 

Dik©m©n^a*5 x xfte&m »© *#*T?©ism^^ - y*m$ Lit t 
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o fttkioatuBtezmdiinmcDmifemKM*^ ftdik^-y^n— tvHftftc 

> J3S£l2, 14, 16, 18 B If h^^yLfci»«t> 

yWil^«^dlk^mL-CV^6r ( !:^L•CV^^: (g|2) 0 Adultflf 

mo^M*^dlktT^y5^0^^ffl^T2m^fe^tTofc (H3) 
o ^©SfeHte. dlk|g^E»<i:T^$>'^iS«^-i^ct-Cl/^i•^^L-CV^ 

ite^^WOfcfc, CD45*5«fct>*TER119^(D||Bia^dlk^/ ^ v—ffrfc 
ft (Kaneta, M. et al. (2000) J. Immunol. 164:256-264) N FITC^A**— I 
gG££j££i^ FACSvantageSrfflV^ dlkfe§&*5 tfc 0 #!J 
LfelB^^^^tb-^tlRNA^ttttJL-s First-strand cDNA synthesis kit (Amersha 
m Pharmacia Biotech) £J^TcDNA£'£-J&LfCo PCR£fflV^ dlkBItt <!; 
flSOfy]-C»T/K/$:>\ a7^h7°ax^^, c-kit, HNF3, HNF4 

^sk^m^mm^Fkcswantage^m^xdikm^mi^tm^mm^mL m 

YzrvT-Ji/s Cx32^^^'wMflSv-^-«dlk«m(c«(c^<^mtTv^ 
fc 0 mww^-^-x-foscKig^^-fti^M^^^mux^b-f^ cx4 
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lktt^&uigimsa^v^-c, AutoMAcssrfflv^ J; t)ffl*miseiaw«-c#*v> 

, tf^Wb^A^^— IgG, * hWT'hTl^l'tf— Xfc0fcRf&£i3\ Auto 
MACS£j3^Tdlk|^M-fflJfe£#$rf 5 £ £ &W^fc 0 

«*"CdlkBM4«IJftSr>l<bT#fc (HI 4*5 J; 1^7) . 

»«^{S^gT'«L (50 cells/cm 2 ) , m-W«^)^fff»*5<tOTi : 
{&&^TMlk|ttt«£5 0 LfcfeU, m-cD«^bM^tbfc t #x 

t-??-yi9mmm&$A,x^tc (m s) „ dikmmm<D#m\zi$, rnmtm 

DlklittllBiaoHrattBSrP^ait*, JI&£l4B ©JFfH*»bAutoMACSSrffiV>-C^«l 
LfcDlklfcte (Dlk-) *j±tW)lkHH4 (Dlk+) ffl®k%:Mtl 1,000 cells/cm 2 *3 
£tf 50 cells/cm 2 Ofi«*t?»« bfc. *1\ *tHB»fca[ Lfc^#^ftt 
5fc#>K^ EGF (epidermal growth factor; i^jfogrE^-) ^ HGF (hepatocyte g 
rowth factor; ffflfflMJitH^) % &XX* 0SM (oncostatin M; ^y^^i^M 
) (ZtlZtl 20 ng/ml) CD 3 WMW'f h t> << V* £ t 
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m&mmtz. egf t hgf#&tt-**>»&< it m-r 5 - * &t>fr<?tz 0 

m 1 iimBT-lrfflv^fcDlk- *5 J:t>Dlk + «^k<£>lOO» «fc t) 

ftl EGF HGF HGF+EGF OSM OSM+EGF HGF+OSM HGF+OSM+EGF 
Dlk * 0.1910.02 0.28±0.13 0.42±0.04 0.44±0.13 0.28±0.11 0.2210.05 0.2910.04 0.2310.07 
Dlk * 3.610.5 6.711,7 1112 1214 4.711.3 3.911.3 4.712.1 8.112.7 

(Si ; Dlk" *3 <tt>*Dlk + MS£type IV^y—f^Z*- h LfcyV yi/afc-t 
1,000 cells/cm 2 *5<J;tJ* 50 cells/cm 2 ©ftft-CJIR^fc. 500j»U&j&»£>7&fife 

%i<b*:ti?ti<DlSt&*9>hl,1t (0 9) o DlkBM4SNiJa©Jlfi25%*!=iP=-«: 
«U *©4>©10%ri**fcll5VMfW[flBSr^rLT*9, 5 B W©**-C100fl& 
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o 

(b) i^^B&mt^^dik»^^p-t-sxa, 

5. (c) «3^T^^x.Ys/^-fer7i-y~-?~ (macs) £J3^<5, 

o 

8. w^2^fc«4 \mm<o^m^x vftM&titcmm<DMkte£w/*tcte 

( a ) »^^#feTT*^Mfflia^^tf^js«r^«-rsxg, 
( b > m^mm^^mmc^i-f 3dik*ew^£&tHi-5xm, 

(c) M^^O##ftT^fctt5^<tit-<fcdlka^^mw^^, * 



WO 02/103033 



1/9 



> Jo A & 



dlk 



CxAJPI3Ii "HP ^Bp 



WO 02/103033 



PCT/JP02/04739 



2/9 




WO 02/103033 



PCT/JP02/04739 



3/9 




E12ffFSBJia 



• - e 



E14 JJfftBJJS 




/5s 














■ > 


c ' ? " ~ 






t * 


c 










dlk 




dlk 



WO 02/103033 



PCT/JP02/04739 



4/9 



FACS vantage^ J; 5 | _l * «t 5 



001004/002 




ib° ib 1 To 2 "ib3 ib 4 

FL1-H 



WO 02/103033 



PCT/JP02/04739 



5X9 



WO 02/103033 



PCT/JP02/04739 



6/9 



(i)^hf--r h-^-#-(2) 



dlk - + 
Albumin 



AFP 



Cx32 



(4) a >- h n — ;V 
dlk - + 



dlk - + 
CK19 



yGTP 
Cx43 



BB 



(3)fijK7>itfc^ 

dlk^ + 
Desmin SiBSa 

cKit 
HNF3P 



HNF4 




HRPT 



WO 02/103033 



PCT/JP02/04739 



7/9 



-£.021 




lo u 10 s to*- id* io 4 

FL1-H 
> 

aA^^- IgG 



fy^(E14 

T~ $.022 




10" 10 



FL1-H 



dlk 

AutoMACSlC ^HflSO^iS 



dlk MH£!f£ 

^—£.024 




10 W 10* II 

FL1-H 



dlk 



dlk BH4W# 

'—'$1,025 




10° 10 1 10 Z 10* 10* 
FU-H 

> 

dlk 



WO 02/103033 



PCT/JP02/04739 



8/9 





WO 02/103033 PCT/JP02/04739 



9/9 



















Fi 1 


















. -J, -Fl,_fi, fi, rFi 



-20 21-40 41-60 61-80 81-100 101-120 121-140 141- 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP02/04739 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 7 C12Q1/00, C12N5/00, G01N33/53//C12N15/09, C07K16/28 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 C12Q1/00, C12N5/00, G01N33/53 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
WPI/BIOSIS (DIALOG) , JICST(JOIS), MEDLINE (STN) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



P,X 



P,X 



Atsushi MIYAJIMA et al . , Kansaibo Seigyo to 

Saisei Igaku, KAST Rep., 2001, Vol.13, No.l, pages 18 

to 23 

N. TANIMIZU et al . , Molecular cloning of secretory 
and mambrane bound proteins in mouse fetal liver 
and functional analysis of dlk, Development Growth & 
Differentiation, 2001, Vol.43, psl39 

Douziech M. et al . , Zonal induction of mixed 
lineage kinase ZPK/DLK/MUK gene expression in 
regenerating mouse liver, Biochem. Biophys. Res. 
Commun., 1998, Vol.249, No. 3, pages 927 to 932 



1-7,9,10 



1-7,9,10 



1-7,9,10 



|~~] Further documents are listed in the continuation of Box C. j^j See patent family annex. 



* Special categories of cited documents: 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international filing 

date 

M L" document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 
means 

"P" document published prior to the international filing date but later 
than the priority date claimed 



T later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 

"X" document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

" Y" document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 

"& M document member of the same patent family 



Date of the actual completion of the international search 
05 August, 2002 (05.08.02) 



Date of mailing of the international search report 
20 August, 2002 (20.08.02) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Authorized officer 



Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1998) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP02/04739 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 
1. Q Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2. [x] Claims Nos.: 8 

because they relate to parts of the international application that do not comply with the prescribed requirements to such an 
extent that no meaningful international search can be carried out, specifically: 
(See extra sheet.) 



3. Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 



1 . As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 
claims. 

2. Q As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 

3. . As only some of the required additional search fees were timely paid by the applicant, this international search report covers 

only those claims for which fees were paid, specifically claims Nos.: 



4. No required additional search fees were timely paid by the applicant Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest [ The additional search fees were accompanied by the applicant's protest 
fj No protest accompanied the payment of additional search fees. 



Form PCT/ISA/210 (continuation of first sheet (1)) (July 1 998) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP02/04739 



Continuation of Box No. 1-2 of continuation of first sheet (1) 

The substance as set forth in claim 8 is specified as "dif f erentiation 
and/or proliferation product of cells separated by a method as claimed 
in claim 2 or 4" and thus involves any substances which can be obtained 
by these methods. 

However, the description discloses no specific substance obtained 
by the methods. Thus, claim 8 is neither supported by the description 
nor disclosed therein. Even though the common technical knowledge at 
the point of the application is taken into consideration, it is completely 
unknown what specific substances are involved in the scope and what are 
not. Thus, claim 8 is described in an extremely unclear manner. 

Such being the case, no meaningful search can be made on the invention 
as set forth in claim 8. 



Form PCT/ISA/210 (extra sheet) (July 1998) 



m^kmm^ PCT/]P02/04739 



a. m\<om-z>%w<o%m (bbrsmhs (ipo ) 

Int. Cl' C12Q1/00, C12N5/00. G01N33/53 // C12N15/09. C07K16/28 



■**ffofcft/M8»» Ofttttt&S (IPC) ) 
Int. Cl' C12Q1/00, C12N5/00, G01N33/53 



WP I/B I OS I S (DI ALOG) , J I CST (JO I S) 
MEDLINE (STN) 








mm-rz> 


PX 
PX 


•gam ffi. mmmt^m^, kast Rep. , 2001, voi.13, 

No.l, pages 18-23 

Tanimizu N. et al. , Molecular cloning of secretory and 
mambrane bound proteins in mouse fetal liver and functional 
analysis of dlk, Development Growth & Differentiation, 2001, 
Vol.43, psl39 


1-7, 9, 10 
'1-7, 9, 10 






EH&fc^Sftfcfc© r xj teKigisgwibSiift-ofco-c SSeefcw*"*?**! 

roj q«fc.fc5B*» S^lcSR-fSX® t^x®m#%^£Z*.biiZt>C> 
TPJ EBRfflHHSFTJv **0«jlBlf0^l0lSI8fc*5mR r&j R-^X 5 !> 


0 5 . 0 8. 0 2 


mamee** a 20. 08. 02 


B*BMW/f (I SA/J P) 
SffiS^l 0 0-8 9 1 5 
*SC?i5=PftfflKiiii s §iH.TB 4#3€- 


ftig## 03-3581-1101 


k 4N 3 12 6 


y 

fttft 3 4 8 8 



iSPCT/ISA/2 10 (^2^-v?) (1 9 98¥7^) 



mms&m 



SBSSfflS** PCT/J PO 2/04 7 3 9 





rejaag oc^g^^Aiiw _ p 




A 


Douziech M. et al. , Zonal induction of ■ mixed lineage kinase 
ZPK/DLK/MUK gene expression in regenerating mouse liver, 
Biochem. Biophys. Res. Commun. , 1998, Vol. 249, No. 3, 
pages 927-932 


1-7, 9, 10 



«5£PCT/I SA/2 1 0 <J&2"S-5>©«*) (1 9 9 8^7^) 



m&ttim$& .PCT/JP0 2/047 3 9 



iS®8^B3« (PCT1 7&(2)(a)) ©SUBCiD, rOBII(ltt««tlftff>9AK:J:Dflr*«9«BOHkllCoV^'fl5 



3. □ §g*CD3£|S_ tt s ^^<0«H-Cfc-3TPCT»a96.4(a)O»2AJlt«|3i©»efc 



1. □ ffljSA^s^^ws^imi-r^TSiKrttittfsj-ufcw-c, ^<om^m^m^it, •t'<x<om&Pimtt$tfi 



4. □ fflMA^g*iiJfl|S2^»)|sf^Mrt»c^U*^ofc©t? s w©BRSPI3£«£H:, ll»$0ttH0*fe)K:Btt 



«SPCT/ISA/2 10 GSl^-i^DaSB <1) ) (1 9 9 8^7.8) 



m^tiiSm^r PCT/JPOZ/04 73 9 



8SSCPCT/I SA/2 1 0 fl#SK-5*) (1 9 9 8*F7fl) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 



□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




COLOR OR BLACK AND WHITE PHOTOGRAPHS 



GRAY SCALE DOCUMENTS 



